Introduction {#s1}
============

Urothelial carcinoma (UC), the most common histologic subtype of cancer arising from the transitional epithelium of the renal pelvis, ureter, bladder, or urethra, represents the fourth most common type of malignancy worldwide \[[@R01]\]. Approximately 30% of UC patients already present with muscle invasion and metastatic disease at the initial diagnosis \[[@R02]\]. Furthermore, despite curative surgery as local therapy for patients with muscle invasion, more than one-third of these patients eventually develop metastases \[[@R03]\]. Systemic chemotherapy with cisplatin-based regimen is the gold-standard treatment for patients with advanced or metastatic UC as the first-line treatment. Combined chemotherapy with gemcitabine and cisplatin (GC) is currently widely used for advanced UC, since GC therapy showed a similar overall survival (OS) and time to progression with less toxicity than combined chemotherapy with methotrexate, vinblastine, doxorubicin and cisplatin in a randomized phase 3 trial \[[@R04]\]. However, no standard second-line treatment had been established, and following the failure of first-line chemotherapy, metastatic UC is a fatal disease with an OS of 6 - 7 months \[[@R05]\].

Pembrolizumab, a humanized monoclonal antibody that targets programmed death receptor-1, was associated with a significantly longer OS (by approximately 3 months) and a lower rate of treatment-related adverse events (AEs) than chemotherapy as second-line therapy for platinum-refractory advanced UC in the phase 3 trial KEYNOTE-045 \[[@R06]\]. Since December 2017, pembrolizumab has been approved in Japan as a second-line treatment for radical unresectable UC that has become exacerbated after chemotherapy \[[@R07]\]. However, information regarding the efficacy and safety of pembrolizumab is limited to the results of clinical trials \[[@R06], [@R08]\]. In addition, there are still few reports concerning the data of pembrolizumab in real-world Japanese clinical practice \[[@R9], [@R10]\].

In this study, we retrospectively assessed the tolerability, efficacy and prognostic factors for the OS of pembrolizumab therapy in patients who received pembrolizumab treatment for platinum-refractory advanced UC in Japanese.

Materials and Methods {#s2}
=====================

The data of 34 patients who received pembrolizumab after the failure of platinum-based chemotherapy for advanced UC at four institutions between January 2018 and August 2019 were retrospectively evaluated. In all patients, UC was histopathologically diagnosed, and disease progression after platinum-based chemotherapy was radiologically confirmed \[[@R11]\]. Pembrolizumab was administered to all patients after platinum-based chemotherapy was found to be unsuccessful unless they had an autoimmune disease, and it was administered intravenously on day 1 at a dose of 200 mg, and the cycle was basically repeated every 21 days. This treatment was continued until disease progression or unacceptable AEs occurred. Tumor measurements were generally performed by computed tomography before and after every four to six cycles of pembrolizumab. Decisions regarding AEs were made based on the Common Terminology Criteria for Adverse Events, version 5.0 \[[@R12]\].

The tumor response was evaluated as the best response according to the Response Evaluation Criteria in Solid Tumors, version 1.1 \[[@R13]\]. The clinicopathological data, including the age, sex, Eastern Cooperative Oncology Group Performance Status (ECOG-PS), primary tumor site, histologic testing, number of prior chemotherapy regimens, hemoglobin (Hb) concentration, neutrophil/lymphocyte ratio (NLR), levels of lactate dehydrogenase (LDH) and C-reactive protein (CRP), visceral metastases (especially liver metastases) and time from previous chemotherapy, were collected. According to a previous study, the cut-off values of the Hb concentration, ECOG-PS and time from previous chemotherapy were \< 10 g/dL, \> 1 and \< 3 months \[[@R06]\]. The cut-off values of the albumin, LDH and CRP levels were set as the upper limit of the normal range, which were \< 4.1 g/dL, ≤ 222 U/L and ≤ 0.14 mg/dL, respectively.

Statistical analyses {#s2a}
--------------------

The statistical analyses were carried out using the JMP^®^ Pro, version 14.2.0 software package (SAS Institute, Inc., Cary, NC, USA). The OS and progression-free survival (PFS) were estimated using the Kaplan-Meier method. In the analysis of the OS, patients who were alive or lost to follow-up had their data censored at the time of last contact. In the analysis of the PFS, patients who were alive and without disease progression or who were lost to follow-up had their data censored at the time of last tumor assessment. Between-group differences in the OS were calculated using a log-rank test. The significance of associations between the clinical parameters and the OS was assessed using the Cox proportional hazards regression model. P \< 0.05 was considered to indicate a statistically significant difference.

Ethics approval {#s2b}
---------------

The present study was approved by the Institutional Review Board of National Hospital Organization Kyushu Cancer Center (2014-99), and written informed consent was obtained from the patient.

Results {#s3}
=======

Patient characteristics {#s3a}
-----------------------

The clinical characteristics of the 34 (male, n = 28; female, n = 6; median age, 71 years; range, 57 - 82 years old) patients are listed in [Table 1](#T1){ref-type="table"}. All patients received pembrolizumab after the failure of platinum-based chemotherapy (more than one regimen) for advanced UC. Twenty-two patients received pembrolizumab after the first-line regimen, six received it after the second-line regimen, and six received it after the third-line regimen. Thirteen patients had bladder UC, 12 had upper urinary tract UC, and nine had both types of UC. Fourteen patients (41.2%) had an ECOG-PS of ≥ 1, 11 (32.4%) had liver metastasis, 14 (41.2%) had anemia (Hb \< 10 g/dL), 10 (29.4%) had a high LDH (\> 222 U/L) and time from previous chemotherapy was \< 3 months in 27 patients (79.4%).

###### Patients' Characteristics

  Characteristic (n = 34)                              
  ---------------------------------------------------- ------------------
  Age (years), median (range)                          71 (57 - 87)
  Male sex, n (%)                                      28 (82)
  ECOG-PS score, n (%)                                 
    0                                                  20 (59)
    ≥ 1                                                14 (41)
  Primary tumor site, n (%)                            
    Bladder                                            13 (38)
    Upper urinary tract                                12 (35)
    Bladder + upper urinary tract                      9 (27)
  Pure UC in histologic testing, n (%)                 27 (79)
  Number of prior chemotherapy regimens                
    1                                                  22 (64)
    2                                                  6 (18)
    3                                                  6 (18)
  Hb \< 10g/dL, n (%)                                  14 (41)
  NLR, median (range)                                  2.2 (0.7 - 18.0)
  Albumin \< 4.1 g/dL, n (%)                           23 (68)
  LDH \> 222 U/L, n (%)                                10 (29)
  CRP \> 0.14 mg/dL, n (%)                             26 (76)
  Visceral metastases, n (%)                           27 (79)
    Liver metastases, n (%)                            11 (32)
  Time from previous chemotherapy \< 3 months, n (%)   27 (79)

ECOG-PS: Eastern Cooperative Oncology Group Performance Status; UC: urothelial carcinoma; Hb: hemoglobin; NLR: neutrophil/lymphocyte ratio; LDH: lactate dehydrogenase; CRP: C-reactive protein.

Efficacy of pembrolizumab {#s3b}
-------------------------

The median follow-up period after pembrolizumab administration was 7.7 months (range, 0.6 - 18.6 months). Among the 34 patients who received pembrolizumab, a complete response (CR) was confirmed in one patient, and six patients showed a partial response (PR), with an overall response rate of 20.6%. The disease control rate (defined by the achievement of CR, PR or stable disease (SD)), was 38.2%. The PFS and OS for pembrolizumab are shown in [Figure 1](#F1){ref-type="fig"}. The median PFS was 3.3 months (95% confidence interval (CI), 2.8 - 7.4 months) and the median OS was 11.7 months (95% CI, 5.9 - 15.7 months). The median OS when pembrolizumab was used as second-line therapy was 11.9 months (95% CI, 4.6 - 16.6 months), and the median OS when pembrolizumab was used as third-line or later therapy was 11.6 months (95% CI, 3.1 - 15.7 months). The difference between the second-line and the third-line or later groups was not statistically significant according to the log-rank test (P = 0.94) ([Fig. 1](#F1){ref-type="fig"}).

![(a) PFS of all cases. (b) OS of all cases. (c) OS according to pembrolizumab treatment line. PFS: progression-free survival; OS: overall survival.](jocmr-12-300-g001){#F1}

Safety of pembrolizumab {#s3c}
-----------------------

[Table 2](#T2){ref-type="table"} shows the toxicities associated with pembrolizumab. AEs occurred in 21 patients (61.8%), and grade 3 AEs occurred in eight patients (23.5%), while grade ≥ 4 AEs did not occur in any patients. Eight patients discontinued pembrolizumab due to AEs, regardless of grade. There were no treatment-related deaths among the 34 patients.

###### Toxicities in Patients Treated With Pembrolizumab Treatment

                                                       Any grade   Grade 3
  ---------------------------------------------------- ----------- ---------
  Treatment-related AEs, n (%)                         21 (62)     8 (24)
    Fatigue                                            6           2
    Pruritus                                           5           0
    Fever                                              2           0
    Hematuria                                          2           2
    Anorexia                                           2           1
    Lung infection                                     2           1
    Pain                                               1           1
    Anemia                                             1           1
    Kidney infection                                   1           1
    Creatinine increased                               1           1
    Aspartate and alanine aminotransferase increased   1           1
    Constipation                                       1           0
    Infusion related reaction                          1           0
    Diarrhea                                           1           0
    Ileus                                              1           0
    Interstitial pneumonia                             1           0
    Hyponatremia                                       1           0
    Eyelid function disorder                           1           0
    Nervous system disorders                           1           0

AEs: adverse events.

Results of univariate and multivariate analyses concerning the associations between various factors and the OS with pembrolizumab treatment {#s3d}
-------------------------------------------------------------------------------------------------------------------------------------------

To identify the prognostic factors associated with the OS in pembrolizumab treatment, we performed univariate and multivariate analyses using the Cox proportional hazards model ([Table 3](#T3){ref-type="table"}). Univariate analyses for various factors revealed that the ECOG-PS, NLR, liver metastases and time from previous chemotherapy were prognostic variables. Multivariate analyses revealed that liver metastases (positive: hazard ratio (HR), 4.23; 95% CI, 1.48 - 12.08; P \< 0.01) and time from previous chemotherapy (≥ 3 months: HR, 5.06; 95% CI, 1.43 - 17.91; P = 0.01) were independent prognostic factors.

###### The Univariate and Multivariate Analyses of the Factors Associated With Overall Survival in Patients Receiving Pembrolizumab Treatment

  Variable                          Univariate            Multivariate                         
  --------------------------------- --------------------- -------------- --------------------- ---------
  Age                               0.99 (0.93 - 1.05)    0.72                                 
  Sex                                                                                          
    Male                            1                                                          
    Female                          0.91 (0.33 - 2.52)    0.86                                 
  ECOG -PS                                                                                     
    0                               1                                    1                     
    1                               2.81 (1.13 - 7.29)    0.03           1.61 (0.58 - 4.45)    0.36
  Primary tumor site                                                                           
    Bladder                         1                                                          
    Upper urinary tract             0.95 (0.34 - 2.70)    0.93                                 
    Bladder + upper urinary tract   1.69 (0.56 - 5.11)    0.35                                 
  Histology                                                                                    
    Pure UC                         1                                                          
    Mixed UC                        2.84 (0.66 - 12.25)   0.16                                 
  Hb                                                                                           
    ≥ 10 g/dL                       1                                                          
    \< 10 g/dL                      1.50 (0.61 - 3.58)    0.37                                 
  NLR                               1.24 (1.03 - 1.46)    0.03           1.07 (0.86 - 1.30)    0.50
  Albumin                                                                                      
    ≥ 4.1 g/dL                      1                                                          
    \< 4.1 g/dL                     1.57 (0.61 - 4.09)    0.34                                 
  LDH                                                                                          
    ≤ 222 U/L                       1                                                          
    \> 222 U/L                      3.76 (1.41 - 10.03)   0.07                                 
  CRP                                                                                          
    ≤ 0.14 mg/dL                    1                                                          
    \> 0.14 mg/dL                   2.04 (0.68 - 6.09)    0.20                                 
  Liver metastases                                                                             
    Negative                        1                                    1                     
    Positive                        3.61 (1.47 - 8.84)    \< 0.01        4.23 (1.48 - 12.08)   \< 0.01
  Time from previous chemotherapy                                                              
    \< 3 months                     1                                    1                     
     ≥ 3 months                     3.59 (1.26 - 10.22)   0.02           5.06 (1.43 - 17.91)   0.01

HR: hazard ratio; CI: confidence interval; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; UC: urothelial carcinoma; Hb: hemoglobin; NLR: neutrophil/lymphocyte ratio; LDH: lactate dehydrogenase; CRP: C-reactive protein.

Discussion {#s4}
==========

Pembrolizumab was associated with a better survival benefit and objective response and a lower rate of any-grade treatment-related AEs than chemotherapy as second-line treatment for platinum-refractory advanced UC in the phase 3 trial KEYNOTE-045 \[[@R06]\].

In this real-world clinical study, we reported our initial experience with pembrolizumab for platinum-refractory advanced UC in Japanese patients. The overall response rate was 20.6%, and the median PFS and OS were 3.3 months (95% CI, 2.8 - 7.4 months) and 11.7 months (95% CI, 5.9 - 15.7 months), respectively. Regarding the toxicities associated with pembrolizumab, AEs of any grade occurred in 61.8%, grade 3 AEs occurred in 23.5%, and grade ≥ 4 AEs did not occur in any patients. All of these results are comparable to those of the open-label, international, phase 3 trial KEYNOTE-045 (OS: 10.3 months, AEs of any grade: 60.9%). The long-term safety and efficacy outcomes of KEYNOTE-045 have already been reported (median follow-up was 27.7 months), so pembrolizumab can be expected to achieve comparable results in Japanese clinical practice, even in the long term \[[@R14]\].

Several prognostic factors have been reported to predict the prognosis of patients with UC. Bajorin et al found that a Karnofsky Performance Status \< 80% and the presence of visceral (liver, lung, and bone) metastasis were independent prognostic factors associated with the OS \[[@R15]\]. Bellmunt et al reported that a poor PS (\> 1), low Hb levels (\< 10 g/dL) and liver metastasis were independent poor prognostic factors in patients with advanced UC showing treatment failure with platinum-based chemotherapy \[[@R16]\]. Furthermore, Sonpavde et al revealed that a significant decrease in the OS for patients with a shorter time from previous chemotherapy (stratification less than 3 months) was observed, independent of ECOG-PS \> 0, Hb \< 10 g/dL and the presence of liver metastases in the largest, individual patient-level dataset of second-line therapy assembled \[[@R17]\]. In the phase 3 trial KEYNOTE-045, randomization was stratified according to the ECOG-PS score (0 or 1 vs. 2), presence of liver metastases (yes vs. no), Hb concentration (\< 10 g/dL vs. ≥ 10 g/dL) and time since the last dose of chemotherapy (\< 3 months vs. ≥ 3 months). In the present study, we also investigated several prognostic factors, including previously reported markers, for patients with advanced UC receiving pembrolizumab. The multivariate analyses eventually revealed that liver metastases (positive: HR, 4.23; 95% CI, 1.48 - 12.08; P \< 0.01) and time from previous chemotherapy (≥ 3 months: HR, 5.06; 95% CI, 1.43 - 17.91; P = 0.01) were independent prognostic factors.

The presence of liver metastases has been previously reported to be a poor prognostic factor. The present study also suggested that it is better not to allow an interval between chemotherapy and pembrolizumab. One reason for this may be T cell exhaustion, which is a state of T cell dysfunction that arises in many chronic infections and cancer. It is defined by a poor effector function, the sustained expression of inhibitory receptors and a transcriptional state distinct from that of functional effector or memory T cells \[[@R18], [@R19]\]. The absence of cancer progression for 3 months after chemotherapy may indicate that T cells have suppressed the disease during that time. However, since T cells are exhausted, there is a possibility that sufficient effects cannot be obtained even if T cells are reactivated by administering pembrolizumab. Part of the rationale for combining checkpoint inhibitors with conventional cytotoxic therapies is the hope that circulating T cells will encounter higher levels of tumor-derived neoantigens, resulting in an enhanced anticancer immune response \[[@R20]\]. Administering pembrolizumab without delay after the completion of the chemotherapy regimen may help to avoid T cell exhaustion while obtaining a similar response of combining checkpoint inhibitors with conventional cytotoxic therapies in the hope that circulating T cells will enhance the anticancer immune response by encountering higher levels of tumor-derived neoantigens.

Recently, the idea has been proposed that chemotherapy causes cell death, which is termed immunogenic cell death (ICD). ICD is now used to refer to a functionally peculiar form of apoptosis that is sufficient for immunocompetent hosts to mount an adaptive immune response against dead cell-associated antigens. Several drugs have been ascribed the ability to provoke ICD when employed as standalone therapeutic interventions \[[@R21]\]. Suzuki et al showed that the chemotherapeutic drug gemcitabine, when given at a dose similar to the equivalent dose used in patients, was able to dramatically and specifically reduce the number of myeloid suppressor cells found in the spleens of animals bearing large tumors with no significant reductions in cluster of differentiation 4 (CD4)^+^ T cells, CD8^+^ T cells, natural killer (NK) cells, macrophages or B cells. The loss of myeloid suppressor cells was accompanied by an increase in the antitumor activity of CD8^+^ T cells and activated NK cells \[[@R22]\]. Therefore, there is a possibility that the administration of pembrolizumab without prolonging the period of chemotherapy may result in improved antitumor effects.

A previous clinical trial found that pembrolizumab improved the OS when administered as second-line treatment for advanced UC after platinum-based chemotherapy \[[@R06]\]. However, the prognosis period in which the effect of pembrolizumab treatment was better than that of other chemotherapy treatments was only approximately 3 months, and the overall response rate was only 21.1%, so the outcome of advanced UC remains unsatisfactory. Our real-world clinical practice retrospective study included six patients (18%) who had been treated with three prior chemotherapy regimens. The difference in the OS between the second-line and third-line or later groups was not statistically significant, according to the log-rank test (P = 0.94). Pembrolizumab may therefore achieve almost the same therapeutic response even in the later-regimen setting because of its different antitumor mechanisms in comparison to conventional cytotoxic therapies. Therefore, pembrolizumab as third-line treatment may also be an option in cases where certain effects can be obtained by chemotherapy.

The phase 3 KEYNOTE-045 trial included various races. The breakdown was as follows: white, 73.9%; Asian, 21.3%; black or African American, 1.5%; multiple, 0.4%; and missing, 2.9% \[[@R23]\]. The present study focused on Japanese, and similar results may be obtained in other countries or races.

Some limitations relevant to this study are worth mentioning. First, the data related to the efficacy and tolerability of pembrolizumab for platinum-refractory advanced UC in Japanese were evaluated retrospectively, not in a randomized trial but in real-world clinical practice. Second, the study population was relatively small. However, there are still few reports of pembrolizumab for advanced UC in Japanese, and it will be necessary to confirm our data in a larger study population in further studies.

Conclusions {#s4a}
-----------

In conclusion, we showed that pembrolizumab therapy for Japanese patients with advanced UC in real-world clinical practice, even in the later-regimen setting, had a comparable efficacy and safety profile to the KEYNOTE-045 trial. In addition, liver metastases and time from previous chemotherapy were poor prognostic variables in patients with advanced UC treated with pembrolizumab.
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